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A BYSTEM FOR TORQUE CHART ARALYNIS
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A The s;mtom for torgue chart sualysis is bassd on the theorotically
idesl obert, which is uniform, lavel, hmz & low megnitude, a low band-
width, no torque pedks, and a low frequenoy of variation for ths in-
utmtmqsmn toraus. The medisn torque line, in gm-—eantmurs tines
100, provides the basic demerit nusber and 1s the base from which &ll
deviations are Gdsn‘tifiﬁd for the appliuutiau of dosmrit points.

This syatom is the first of its kind, Rastﬁts obtained :l.n 239)
applisstions mike reasonsbls distinetions in the qualities of ball bourisgs.,
and thess distinctions cotforn to the qualitative opliione of expsris.
Semd ~quaniifgtive ovaivstions of partisnlar qualitiss 6 ball bearingh awe
now possible, amd this twa’s muy make it possible to write more sxplisit
""’*enr*‘ ng npenifiontionsg.

The hasic fantors wrelyzed by this gystem are the meemitude, the rate
of changs, the froguency, and the reasdommess or regularity of au evm‘t.,
The eventa congidered are torqus, torque pocks, and band-width. An arbitrary
dmrijﬁ noalp hu bm dcvuo& te apply to thess faoltors and wonta.

o o -.. o . .
et e ,a.. U

T A‘€ promt R ty-t.- fi:ﬂa i’/s irqatui v;fluo h -.mng r-.uuio u.nd :
consistent comparisons betwssn torqus oharts, either for the seme or dltforont S
bearings. Howaver, thi pati,e of the system 1s sueh that thare iz now &
) ggui th; for an abaeluta. imatmsd of & rélative, wm‘.!.mtinn.

. Tha system is simple, sasy to o,g:ply. ond easily adapled to spoeeial
needs. The menner in which data 1s recorded permits a direct comparison ef
fndividual events, and the relative wsight of the demerit points for that
svent ix usily‘ ohmgad o, tba basis ot e‘ﬂp@riema or theoey.

‘ EITRGDUGTIW

4. This mp&rﬁ d@cerﬁ.bes an interssting by-produst resulding £ron 8 proe
gresi which was undertaken %0 dotermine the Pessibility of cleaning ball
bearings with ultregonic esergy. This by-predust is & methed fov eznlysing
torqus charts on o seni-quantitative basia. A bearing way now bo vated en
a nusricsl basis for snch of threo major famctors. The petlnd is booed en
291 torque okarts mede with 5l bearings. (Ultraseste cleaning o¢ individual
ball bearinge bus bsen found effootive ard foaslble. Group or ecubiuucus
cleaning bas ot yot. been investimied.)

ﬁnﬁaswa {1}
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. bearing applicstion; or sn a purely metlwadticsl basis, Ald
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A SYSTEM FOR mzm w'm mmm

2, T4 im hoped that th- proposed aysiem of sherd mmh wm uu

ettain the fundaments ohjeotive, wmely, the osrrelation »f tarqwe CL
shart sharssteristies with useful bearing 1ifs, sxoallenae of the tmriu e
perfarmanse, and the proper spplissiion of the bearing. ~An additisnal .-" SRS
fonture wight be the develoswent of o method for writing Mn -ﬁab e

1. Mmm mmhm;rm on the basie nnmm iu'ﬂ;‘j
is 1ikely to preve edequate »y iteelf,

is mere 1giwly be lead te the cm
mm e £irst ldes that might

toumu o omuim. 1f lm hy mmu e wwad pre ady
he tetal work dons o turs the bearing tm Ou hw:luuu. o S

2. This sems mﬂu is svailable in less mciu !m by np,rﬁy Ly

vcking ot the gemarel Jorque lsvel, Hewsver, it iz alise apparent %‘aﬁ L
-uh ethor infersmtlon is lest if euly the torque lovel im sencidered. Ts

it lmpertant if the torque of & bearing varies? In & reguler wamder? In

ummv Tn Gistinot platesus? mt s e mu:“ fyne slprtt

o W im -mmn (h-t m)t How ~

T the lastyntanseus torque varistiss? »

3, rw(iforunt Mt?;a; are svaluted :m(- «;uh of three cuﬁ)omm« .
istlcu: (a) wogmitude rete of shamgs, (o) frequeney, & B
am«m@:' ﬂ«oﬂmmnod to terque :.awi, hurqu .
MI .ﬂd h M mww ’ . S

4. Takle 1. 111m»m the -mnd whioh is used te analyse & torgue ‘
“alinrd., I:utmﬁuu, %wmmm on 10-38-83, a3 reevived \
fron fhe erigine # biaring was nev and intenied for Lmesdiste =
e, (W nm-uu m oo bokring pas amalyisod agsin efter aving roesived

&% witrasonio ¢lomning treateent, O 11-18-53, the some Louring wau :
Mm & thisd time, when it ves sisaned by conventional weileds, m»r

ol 5 Followsd the Wlirssesis umiu.

TRAEE CHART ARALYAYS: mamm M‘l’lx

. Ths anaiynie of ke chariu, nhews in Plake 1, ie aapdem & thmwwim
wodlen birque wlos. Tkis wediam vales i3 the lins wideh, 1€ drees

e Sordnd ohimrt, weuld hove ae muth of the aherd sheve Shs 1ine me NXW&
T oay ve poluted aut by pasyls with ewpsriesse v bell dearing fewilng and
ity sxgeriozes 18 b eparaticn of torgws tezbern thed thic Yiue §2 met
nossEearily o Gy ma@wg &2 i wedian ergus .
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A SYSTEM FOR TORQUE ORART AMALYSIE 4

1t may bs thet wnly the instantenvous popks of thw torgue ohart should be
sonsidersd in cxtimsiing the average Bergue volue. T% 4w & fast thet the
ingtontuseous valus roserded frow s mecimun to & winieux hes o6 recl signl~
fignnse, Because ths Soryue tester 1s sesetlng u% ihet tiwe. Hovever, the
instentanoovs resding frem o minduew to & mexiwan ie e penitive reading and
oas bo uead. The Justifisalivus whiek wre uged Por the wediss line firgt &
propotad arus (s} Lt prsctienlity aed sass of uppiisstien, (b) its BO%
chuter 62 being theoraticslly sorrest, and (o) its statistiosl ohunce fur
avoraging 4wt duy theorsiicsl vrror. .

& %n the soelybleal prosedure o Table 1., 4% in Ludended that o wedlan
torque volue shmll be the dewivent faoter ever torque peake sud bend width,

oy this resson, and for eenvenionse in vrevording, the sstusl Serque valuwe

in geam-pantimoters is waliiplisd by 100 befers recerded im goluma 1. This
wili Yo the basio figure te which demerit peints will be sppiied for all types

of veriotion frowm the theorstionlly exeellent surve, whish &8 uniform, heri- = -
sentel, hes & suell band width, and & lew frequency ef insientenseus terqus
variation (*noize*). ,

8. The sext stop An the analytissl precodurs iz Lo losk zt the 4erque survy
from one ond of the elwrd, locking dewk S thesrstioal median line, (Is
snalysis, 1t 48 saoh eseler te astuelly dray this line.) A susbey of differynt
virintions way new be seen. In seuw elwmris, there will be enly & mixiwas
variation dssul the sadisn line. In sthers, the varistien may be se premsunssd
an to vedomble & oine wave, and in thiz case, seversl distinetiens wust be
noted, (yeling e the terque level is defined us any cendition in vhieh the
saxioum ingtantanesus psaks of the lev portien are under the minimim iustan-

Sanseus yoaks-of the high perttes. It i elear that the band-vidth of the
instantaznecus varistfen affeets thiz determimation. =S

4. A werd of onutien must now be added. If semo of theso deZinitions and
precedures sovm insxkot or net suffisienty spsoifis, it should he remswbered
that this is an initisl propesal, thet it was origimally designed fsv sem-
parative purpeses, and thet any ettempt to resd infarmetien to two deoisal
plasen whon the ehart iu aseursiz unly 4 the slesest while number (a "
figurative somparisen enly) is cbviously mirlesding. Eventually, 1% ils idess
sxd prossdures hers propesed sre widely secspied, it may prove worthwkils 4o
wike fine weasuremenis, bub selaly for the purpese of serrelating with wseful
1life, exeellent porformease, and applientisn of o bemring.

5. Having determined thet devieticns from thwe median terqus 1inms sxist,

their magnitude and nunber ave nezt ressnded. The msgritude is dsvermined

agein by drawing (er estimating) shs wedimn line Skreugh ths sembral pertisn
of the topz and the Wottems of the sins vevs pariien ef the surve. Ths level
of sush lines is reserded in gram-sertimeters timss 100, Yhe nuwder of sueh
high and iouv readings is also reesrded. Por prestiosl purpeses, if the
sognitudes of the high valuss are net very widely sopereted, & uingle high _ h
value ig vosorded. The same type of prscording iz used Qop low valuas, |




A SYSTEM FOR TCRQUE CHART ANALYSLS

&, Anmshaz' trpe of variation wight be seen from an end view of the ‘howrque
pugve, To this ceme, soveral difforont platesus might be seon:  sonsesulive
uwnifors torque levels existing fur sbeut 1/4 revelution saeh at 0.15, 0.88,
0.20, and 0,35 grem-sontimeter, In this sase, aud in guess whave high

{or low) veristions are distinet, essh seperate level (bimes 100) 4w w@m@wﬂsd.
Avbually thereie ne distinetion in the ressrding provess, enly in the saghien
where w@ightinm iy &pﬁl&#da

T E%@Qmunklyb % borque ohert iﬁ asan,&n thﬁh %hs t@vquw Fung. affmuoaie

for mors than 1/2 ohart unit. This %ype of vesding is oalied s bang-up,

The, significent featurs of this part of the cherd, in sddivion To Ltw exisbense,
i its duretion, and this is recorded o8 the nusber of chart unite vhish sre
eff-wonle. ALl resdings exoeeding 0.7 gmwwﬂmﬁw avs regarded as offo
sonla, The weighting fastor of 10 is appiisd to such svenism, to distinguish
bl from off-sesle pesks, whiok are readings exceeding 0.7 grew-dentimeter
tor Tezs then 1/2 shart unit. Off-spsle torqus peaks have s weighking factor
of 5, #o the distinetion nov made between on-sosle pesks, off-soale peuks,
and kangvos iz & welghting factor of 1 for an~geslo pesks, 5 for off-seals
peaks, a.nd 10 for hmgoupl. ‘

8. "mm wighﬂng i’a.eww are arbf&,tm Howwr, “hhlur appliaa,tion to
891 torque charta shews thet they work in renking the various. cheris sé as
to sgroo with experienced obaervers' interpretation of the sawe oharts.
orhops pemtens oy £ivd o more valid theerotisal boals for velshting tho
1nd1vidul.1 factors., Or perhaps others may £ind different weighting fsotors
wore suitable for different bearing appliosntions. Sometimes the rets of
ohange ef torque- whether general or instantensous- is more isportant than
t‘ho mitudc of the obarge or the terqus level at which the ohanges osour,
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94..-, he. a.mlni& 62 torque peaks is troken into two parta. One is oonocerned
with on-dgcaly pesks, the other with off-scale peaks. On-scale poaks ars
reaordsd enly as ths number of oscurrences psr bearing rovolution. A1l pssks
are sounted, afic thsm 'khe total divided by the number of revolutions.
Although 'him mmi%ﬁ@ 6% the Individunl instentansous pesks might be taken
inte aseount, and this would prohably bs better from e theoretlesl standpeint,
it 18 91t thet practicality is obtainsd in this menuer without any great
loaw in enklytical accuvaey. Instantanscus peaks ars counted only 4f they
aro sasily disoernible oulzide the nominal band-width,

e

Sa

e

e

e o g, e

10, DBend widih has sows gignificence in torque ohart analysis, but at the
memant 1% 12 herd 4o dofine on & theoretisal hagis., Becauss differenses
have boen noted, $two possible dota systoms see sugpesied. In one oystesn,

& gualitative seale is sot up. Tho widih of the ocuvelope which would gontein
gm%ﬁ.m‘ily ell marina asd mindsn of Yhe instonbtansous torqus peoks {and whieh
euvolopo sheuld bo chotohsd on tho ohavt o simplify analysis) 1o dofined as

5o bend width.- In tho quolitotivo sehoms, this bond width would bo vewy

PP, DOOP, OVORRIO, gaas&. and vory geud., Vory good vewld be worth an orbilivary
i pointo, cach puordy elusrificstien an odditicenk B polmis, oo thot vory bod
Uoulk kave 85 docorit points.  Por merc oeeuralo owluntion, she disionoo
bhotooon tho cnvolops 1inos wight bo maeourod i ehawt or arbitvesy wadiu.
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A SYSTEM POR ZORQUE ﬁnm"mums

Bidon these nhwtn vors svaluated on & sweparative basie, the gmmtm K
- woheso wes nsed with relative suesnss.

11, r&mx;, the frequessy of varistion cf the imm%ﬁ\w torqus peaks
is petied. Again, the sawe qualitetive wehems oar be used that was applied
e bend width, v, for slowsr svslueiion, the peaks securring in 1/10%k
emplety revolution seuld sstually be osuntes’ (rether emsily, probably, with
b aid of & mignitying glass) snd mltiﬂ.wd by 10.

A%, Tn :pmm ossen, diuta in Teble L., wes nomh& . & fmuan. 'I‘hu
museratol 4u the sum of the svents, vhi:u the éimenmtw 18 the nusber
‘f "Wl\ltima -

R

PORQUE CHART ANALYSIS; USDNG THE DATA - i

The positive differsnse betwesn ths medisn torqw m\u nd thc 1w
vulwn in somputed and recorded in Colums 4. The amgunt of $he low deviations
from the median vilue is multiplisd by the mumber ef susk ossurrences and
ressrded in column 5. A similar procseding 1s follewed for the high devia-
:“::’i Golusaa 0, and ¥, sre uieio& snd reguided in Celwms 10. s -isiw tot&d - - =2
eviations, "X

8. Thage a.vm;m are tlum nwmd uurung 0 the tonnmg uuo;
1/10%h the wwewnt in Celuwaa 10, fer ruguler varistiens, 1/8 the emount 4n’
Celuma 10. for rendom variatiens, and the total ameumt in Colums 10, fer
terque sharss whish oxhivit slatesus. Again, this nwm soale is arbi-
ARRFY, Dot 1S Soeme 4o werk, m:ummm««un mmnm, |
SOsiwens 11, 18, e 18, :

8. The remifnder of the 'mplg ean be understood br observing ttu ool\-n \
hoadings; bacauss epsretions are indicated. : 3

RVALUATING THR SYSTEM:

1. I the proposed factors fur rating ars sscoptable, then this systsm has
Vhe following merits. Single fastors, sueh as median torque values, the
number of highs or lows in & sine typs varistion, er the number of peaks,
osn ba compared dirsstly. The weighting fastors oan be easily changed en
$he basis or sxperisnce or theery. The actual analysis of the chart is
quite repid- 4 minutes por shart inoluding handling ef the ohart, recording
the dats, oaleulations, and filing the ohurt, The aoalysis of the chart
requires vory 1itile equipment. An individual osuld be trained to analyse
such & dlart in & shert time- perbaps two hours direot time, four hours
eiaposd tive. The system ks merit by its ability to pmvido consistent
eote of duts for ovmparisens,

#. The Sdes of applying suseriosl demerits te Lndlvidual fastors of the
torgue ohert perilte, for the firet dims, thir poseibility of establishing
& penl-guepditative rating system for bearinge. I£ 4" s propsr welighting
fonbera onn be worksd sut either by etperiswss o theory, then 1t wey be
paeadble te poabliny ell fastord inte a single dumerit number equivalent to
Wit of G golf poora, aud the bBeswlsng with the lowest suore would be beat.
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A IYSTAM POR TORQUR CHART ANALYSIS

At present, 1t is feli that & 3-part number, ome fer torque, suether for
yoaks, and & third for band widtk, is adequate %o charesterise a hearing.

3. It may be yessidle 40 use the median terque alony as the basie fastor,
ard to add demnrit peinmts Lased enly en the mumber of high and levw zine waves
shserved, and the nmber of peaks of any kind.

4. There is, fimally, the hepe that the anmalysis of terqus oharts, prepared
with tep side up and tep mide dewn, may lead to an estimate or evaluastion of
internal diwensioms aud charesteristies of the dearing geemstry.

PITPALLS:

1. During the evurse of ali thess torque tests, im sennection with the
ultrasenie investigations, it vas feund that a surprisingly large mmber of
varisbles can eeme into eperatien and thoreby invalidato the resultiag terque
oharts. The twe primeipal problems are repredusibility and aceuracy, and
these are interweven with the variability inberent im the ball earing iiselt
and in the terqus tester. ‘

2. A relisble ue obart should shew & repetitive pettern in at
lsast senaasutive revoluticms of the ué'm. R’tm@ﬂtus sseur,

4hon encugh additienal revolutiens sheuld be sbtainmed until it is statistically
prodable that the irregularities are randem or regular. It 4g ths eriter's
preforense to oblain a minimum of 3 conseoutive revelutiens, plus additienal

oase 1t noeded.
F ?mam ovidewse was fourd duriag the ultrasenis Swvesiigatiess ts

oarofyul exanimstion of o mumder of ethor fasters vhiekh are commenly
taken for preanted if repreducidility is to %o assured. PFirst of all, there
aust do & ehesk %o iusure that the weight en the bearing, during the terque
tent, 15 preperly seated. This type of eheek roquires that ths dSearing be
tented at least twise- se that the weight must be placed en the bearing in
tee separate speratiens. It has also been feound thad entirely different
oharts can be ebtained by simply turming ever the bearing, and retesting is,
and then testing with the eriginal side up.

4. Ludrication, the iype of lubrisatien, and the mamner im whieh the lubri.
satien 1is applied can alse influense the sharester of a torque ourve. There
sy a1s¢ bo a distinct change in the type eof torque ourve obteined frem o
bearing vhiek is tested and then retesied after a time interval of perheps

4 veeks, under eenditioens as like the eriginal as possible.

8. With all ihe variabilities neted thus far, it is easy te see that »
terque chart san be quite far frem presenting an adsquate ploture of the
poirfermarse or charasteristios of a ball dearing. And ts top this off,
thore must also b some scnsideration given teo possidle variations in the
torque tester itself,
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A SYSTEM FOR TUAQUE CHART AMALYSIS
CONCLUSION:

1. In the writer's opision, & compleie und accursts ploture of & ball
boaring's torque vharsoleristics cen be obtained enly if the following tests
ares performed:

a. Rvery torque test sust be made with at lsast two sonseoutive
revolutiens for each side which is tested. Additional censscutive revolu-
tions should be taker if irregularities are observed.

b. Eaoch bassring should be teatad, without lubriecation, in the follow-
ing sequensce:

1. Aris veriicsl, Stamped side up.
i1. Axis vertical, Stawped side dowm.
111. Repesat steps 1 and ii.

6. The sequence of tests given in step “b" should be reopeated with
lubrication.

2. Although thess are necessary oonditions to obtain a full and acourate
piotures, they 3till de nst insure that the oorreot ploture will be obtained.
A great deal more of fundanmental informamtion is necessary before it can be
doaided how ascurately & 26t of torque chorits will desoribe ax individual
bearing.
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